with season and depended on the sex as well as species of the spider. Such difference in the thermal properties may be ascribed to the differences not only in the physical properties such as the morphology of silks, the molecular weight and density but also in the chemical structure such as the amino acid composition.
Introduction
All spiders produce silk thread (FOELIX, 1982) , and about half kinds of them build orb-webs consisting of several kinds of silk thread such as the frame, radial and sticky spiral thread (JAcxsoN,1971; OSAKI, 1985; YAGINUMA, 1986) . Generally, spiders spin orb-webs at temperatures between 10°C and 50°C. The attachment silk thread stuck on some objects such as rocks or metal fences should be heat-stable even at high temperatures between 60° C and 100°C.
It is meaningful to study the thermal properties of spiders' silk thread from the heat-resistant point of view. However, the thermal properties have not as yet been studied, probably because of a difficulty in collecting drag lines, while spider threads have been studied mainly from morphological and mechanical points of view (JACKSON 1971 , DENNY, 1976 WORK, 1976 WORK, , 1981 ROBINSON,1978; FOELIx,1982; WORK & MOROSOFF,1982) , Recently, the author developed an instrument to overcome this difficulty, and investigated changes in color of spider's thread with season (OSAKI, 1985) . The present paper deals with the thermal properties of spider's silk in the temperature of 20°C to 600°C and then a comparison with the amino acid composition of the silk. at about 100°C disappeared in the second run after cooling down to room temperature from 200°C. This peak was also found to reduce in height after decompressing at 10-2 mmHg pressure for 3 hrs at room temperature. These suggest that the peak may be due to desorption of water molecules adsorbed on silk fibers. The adsorbed water was estimated to be about 10% of the total weight of the sample from the TG curve (20C-200C) . The broadness of this endothermic peak reflects the distribution of adsorption sites of water molecules. In order to make clear the change in the thermal properties of spider's drag lines with season, the sex and the species, the author studied the amino acid composition of drag lines consisting of proteins. Table 1 shows the amino acid composition of drag lines at different seasons. The major constituents of the amino acid are glycine (Gly), alanine (Ala), glutamic acid (Glu) and proline (Pro) residues. This means that the macromolecular protein constituting drag lines is made of the repeat of four major amino acids. Apparently, the amino acid composition changes with season. For example, the fraction of polar tyrosine (Tyr) residues in the drag lines of N clavata increases from 0.53 wt% in spring to 3.86 wt% in autumn, while that of proline decreases from 6.32 wt % to 3.35 wt%. The proline fraction of male N, clavata in autumn is smaller than that for female N clavata in the same season.
The DSC and TG thermograms taken for the drag lines of N clavata in autumn are also shown in Fig.4 , The thermal degradation of the drag lines of male N, clavata occured at temperatures lower than that for female one (see Fig.2 ). This difference may come from the difference in the chemical structure ascribed to amino acid composition. The DSC and TG thermograms for drag lines from three kinds of species are shown in Fig.5 . The patterns differ remarkably for the different species which secrete the proteins with different amino acid composition (see Table 1 ). For example, the fractions of valine (Val) and phenylalanine (Phe) residues for A. amoena are larger than those for the other spiders, but the alanine (Ala) fraction is smaller. The fractions of serine (Ser) for A.
amoena and V. sia are much larger than those for N clavata. In this way, the difference in the thermal behavior among these spiders may also come from the difference in the chemical structure ascribed to amino acid composition. Yaginumia sia
